Non-symmorphic chiral topological crystals host exotic multifold fermions, and their associated Fermi arcs helically wrap around and expand throughout the Brillouin zone between the high-symmetry center (  ) and surface-corner ( M ) 1-7 momenta. However, Fermi-arc splitting and realization of the theoretically proposed maximal Chern number rely heavily on the spin-orbit coupling (SOC) strength. In the present work, we investigate the topological states of a new chiral crystal, PtGa, which has the strongest SOC among all chiral crystals reported to date. With a comprehensive investigation using high-resolution angleresolved photoemission spectroscopy, quantum-oscillation measurements, and state-of-theart ab initio calculations, we report a giant SOC-induced splitting of both Fermi arcs and bulk states. Consequently, this study experimentally confirms the realization of a maximal Chern number equal to ±4 for the first time in multifold fermionic systems, thereby providing a platform to observe large-quantized photogalvanic currents in optical experiments 2,8-11 .
2
The discovery of topological insulators reinvigorated the understanding of the electronic band structure and inspired generalization of the topological band theory concerning solid states [12] [13] [14] [15] [16] . This led to the discovery of quasiparticle excitations of the Dirac and Weyl fermions within solid-state materials characterized by a linear band crossing in metals along with the creation of a direct analogy between the said fermions and fundamental particles in high-energy physics [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . On the other hand, quasiparticles within electronic band structures need not necessarily follow the Poincare symmetry pertaining to high-energy physics. Instead, they adhere to the crystal symmetry such that new types of fermionic excitations can be realized within solid states without having counterparts in high-energy physics 1-3,27,28 .
Multifold fermions protected by chiral crystal symmetry attracted extensive attentions recently 1, [4] [5] [6] [7] 11, 29 . In comparison with Dirac fermion with zero topological charge and Weyl fermions with Chern number ±1, multifold fermions in chiral crystals host large Chern numbers and chiral Fermi arcs on their surface states (SSs). Since these symmetry-enforced multifold fermions locate at high-symmetry time-reversal invariant momenta, realization of long-surface Fermi arcs expanding throughout the Brillouin zone (BZ) becomes topologically guaranteed. These Fermi arcs are orders of magnitude larger and highly robust compared to those in any other Weyl semimetal. This affords a natural advantage over two-fold degenerate Weyl fermions with regard to detection of Fermi-arc states. Identification of multifold fermions with large Chern numbers has previously been performed via observation of surface chiral Fermi arcs using angle-resolved photoemission spectroscopy (ARPES) [4] [5] [6] [7] 29 as well as the remarkable quantized circular photogalvanic effect 11 .
According to theoretical predictions, the largest topological charge from multifold fermions has a Chern number ±4 hosted by compounds with space groups P213 (No. 198), especially in compounds such as CoSi, RhSi, PtAl, CoGe, RhGe, PdGa etc. 1, [4] [5] [6] [7] 11 . Protected by this topological Chern number of ±4, there exist four Fermi arcs crossing surface-projected multifold fermions at high-symmetry points. However, given the small spin splitting of Fermi arcs, all ARPES measurements performed to date have only confirmed the existence of chiral Fermi arcs connecting projected multifold fermions. That is, the exact number of Fermi arcs that exist has yet remained unclear. In other words, the theoretical Chern number of ±4 has so far not been experimentally verified by any surface-detection experiment. Realization of large spin splitting of the Fermi arc requires a very strong spin-orbit coupling (SOC) in the chiral crystals. Among all chiral multifold 3 fermionic materials investigated thus far, PtGa demonstrates the strongest SOC. This paper reports results obtained using a combination of high-resolution ARPES, quantum oscillations, and stateof-the-art ab initio calculations to illustrate the giant spin splitting of topological states within a new chiral topological semimetal PtGa.
In this study, high-quality PtGa single-crystals were grown using the self-flux technique, as discussed in the methods and supplementary information (SI) sections. The crystal symmetry was confirmed via rigorous single-crystal diffraction analysis, as explained in SI. The estimated Flack parameter value of 0.03(4) indicates the existence of a single structural chirality in the crystal.
The samples demonstrated metallic behavior throughout the measured temperature range (refer SI; Using low-energy high resolution ARPES on the high-quality single crystal, we investigate the electronic band structure of PtGa. An FS intensity plot was obtained for the 1 st BZ along with ARPES intensity plots along high-symmetry directions on the (001) surface, as depicted in Figs. 3(a) and 3(c). The calculated FS is presented in Fig. 3(b) , whereas, the band structure combining surface and bulk states are shown in Fig. 3(d) . By comparing the ARPES spectrum against results To demonstrate the splitting of the Fermi arc, we acquired two ARPES spectra along two cuts, as indicated by the white and green lines in Fig. 4(a) . 
Methods section
PtGa Crystal Growth and Structural Refinement:
PtGa single crystals were grown from the melt using the self-flux technique. A polycrystalline ingot was first prepared by arc melting stoichiometric amounts of constituent metals with 99.99% purity in an argon atmosphere. Subsequently, the single-phase ingot was crushed, placed in an alumina crucible, and sealed within a quartz tube. The assembly was then melted inside a commercial box-type furnace at 1150 o C and maintained at that temperature for 10 h to ensure homogeneous mixing of the melt. The sample was then slowly cooled to 1050 o C at a rate of 1 o C/h followed by further cooling to 850 o C at a rate of 50 o C/h. Finally, the sample was annealed at 850 o C for 120 h prior to being cooled to 500 o C at a rate of 5 o C/h. As observed, the annealing process has a major impact on the quality of the grown crystal. In electrical transport, the RRR value First-principles calculations: The electronic structure calculations were performed based on density functional theory (DFT) by using the full-potential local-orbital code 33 with a localized atomic basis and full potential treatment. The exchange and correlation energies were considered in the generalized gradient approximation (GGA) level 34 . We have projected the Bloch wave functions into the atomic-orbital-like Wannier functions, and constructed the tight binding model Hamiltonian. With the tight binding model Hamiltonian, the SSs were calculated in a half-infinite boundary condition using the Green's function method 35, 36 . 
